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providing a substrate

forming a reflective layer on the
substrate

forming a bonding layer on the
reflective layer

forming a first semiconductor
layer on the bonding layer

forming an active layer on the
first semiconductor layer

forming a second semiconductor
layer on the active layer

removing a portion of the second
semiconductor layer, the active layer, and
the first semiconductor layer to expose a
second surface of the first semiconductor
layer

FIG. 3A
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roughening a first surface of the second
semiconductor layer and the second surface

forming a first lower region on the first
surface and a second lower region on the
second surface

forming a first current blocking layer on
the first lower region and a second current
blocking layer on the second lower region

forming a first current spreading layer on
the second semiconductor layer and the
first current blocking layer, and a second
current spreading layer on the first
semiconductor layer and the second current
blocking layer

forming a first electrode on the first current
spreading layer, wherein the first electrode
18 located right above the first lower
region; and forming a second electrode on
the second current spreading layer ,
wherein the second electrode 1s located
right above the second lower region

FIG. 3B
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1
HIGH-EFFICIENCY LIGHT-EMITTING
DEVICE AND MANUFACTURING METHOD
THEREOF

RELATED APPLICATION

This application is a continuation application of U.S.
application Ser. No. 12/073,284, filed on Mar. 4, 2008,
which is a continuation-in-part application of U.S. Pat. No.
7,385,226, filed on Jun. 21, 2005, the contents of which are
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a light-emitting device,
and more particularly, to a high-efficiency light-emitting
device.

BACKGROUND

Semiconductor light-emitting diode (LED) devices have
been applied widely in optical display devices, traffic sig-
nals, data storing devices, communication devices, illumi-
nation devices, and medical apparatuses. In the conventional
LED, a metal layer, such as a Ti/Au or Cr/Au layer, is used
as an electrode. However, metal absorbs light and results in
a low light-emitting efficiency of the LED device. As a
result, an LED device includes a reflective metal layer
formed between an electrode and a light-emitting stacked
layer for improving the light-emitting efficiency. However,
the aforementioned structure brings about the reliability and
peeling issues between the reflective metal layer and a
light-emitting stacked layer because of the poor adhesion
between the reflective metal layer with high reflectivity and
a semiconductor layer of the light-emitting stacked layer.

SUMMARY OF THE DISCLOSURE

A high-efficiency light-emitting device includes a sub-
strate; a reflective layer formed on the substrate; a bonding
layer formed on the reflective layer; a first semiconductor
layer formed on the bonding layer; an active layer formed on
the first semiconductor layer; and a second semiconductor
layer formed on the active layer. The second semiconductor
layer includes a first surface having a first lower region and
a first higher region. The high-efficiency light-emitting
device further includes an electrical structure including a
first electrode formed on the first lower region, and a second
electrode formed under the substrate.

In another embodiment, the high-efficiency light-emitting
device further includes a first current blocking layer formed
on the lower region and a first current spreading layer
formed on the first surface of the second semiconductor
layer and the first current blocking layer, wherein the first
current spreading layer covers the first higher region. The
first electrode is located on the first current spreading layer
and right above the first current blocking layer.

In another embodiment, the first higher region further
includes a first plurality of hexagonal-pyramid cavities
extending downward from the first surface for increasing the
light extraction efficiency.

In another embodiment, a high-efficiency light-emitting
device includes a substrate; a reflective layer formed on the
substrate; a bonding layer formed on the reflective layer; a
first semiconductor layer formed on the bonding layer; an
active layer formed on the first semiconductor layer; and a
second semiconductor layer formed on the active layer. The
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second semiconductor layer includes a first surface having a
first lower region and a first higher region. The first semi-
conductor layer includes a second surface having a second
lower region and a second higher region. The high-efficiency
light-emitting device further includes an electrical structure
including a first electrode formed on the first lower region
and a second electrode formed on the second lower region.

In another embodiment, the high-efficiency light-emitting
device further includes a first current blocking layer formed
on the first lower region and a first current spreading layer
formed on the first surface of the second semiconductor
layer and the first current blocking layer, wherein the first
current spreading layer covers the first higher region. In
addition, the high-efficiency light-emitting device further
includes a second current blocking layer formed on the
second lower region and a second current spreading layer
formed on the second surface of the first semiconductor
layer and the second current blocking layer, wherein the
second current spreading layer covers the second higher
region. The first electrode is located on the first current
spreading layer and right above the first current blocking
layer. The second electrode is located on the second current
spreading layer and right above the second current blocking
layer.

In another embodiment, the first higher region and the
second higher region include a first plurality of hexagonal-
pyramid cavities extending downward from the first surface
and a second plurality of hexagonal-pyramid -cavities
extending downward from the second surface respectively
for increasing the light extraction efficiency.

In another embodiment, a method of manufacturing the
high-efficiency light-emitting device includes the steps of
providing a substrate; forming a reflective layer on the
substrate; forming a bonding layer on the reflective layer;
forming a first semiconductor layer on the bonding layer;
forming an active layer on the first semiconductor layer;
forming a second semiconductor layer on the active layer;
removing a portion of the second semiconductor layer, the
active layer, and the first semiconductor layer to expose a
second surface of the first semiconductor layer; roughening
a first surface of the second semiconductor layer and the
second surface; forming a first lower region on the first
surface and a second lower region on the second surface;
forming a first current blocking layer on the first lower
region and a second current blocking layer on the second
lower region; forming a first current spreading layer on the
second semiconductor layer and the first current blocking
layer, and a second current spreading layer on the first
semiconductor layer and the second current blocking layer;
forming a first electrode on the first current spreading layer;
and forming a second electrode on the second current
spreading layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a cross-sectional view of a high-efficiency
light-emitting device in accordance with an embodiment of
the present invention.

FIG. 1B shows a cross-sectional view of a high-efficiency
light-emitting device in accordance with another embodi-
ment of the present invention.

FIG. 1C shows a cross-sectional view of a high-efficiency
light-emitting device in accordance with another embodi-
ment of the present invention.

FIG. 2A shows a cross-sectional view of a high-efficiency
light-emitting device in accordance with another embodi-
ment of the present invention.
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FIG. 2B shows a cross-sectional view of a high-efficiency
light-emitting device in accordance with another embodi-
ment of the present invention.

FIG. 2C shows a cross-sectional view of a high-efficiency
light-emitting device in accordance with another embodi-
ment of the present invention.

FIGS. 3A and 3B, taken together, show a flow chart of a
method of manufacturing a high-efficiency light-emitting
device in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring FIG. 1A, a high-efficiency light-emitting device
1 includes a substrate 10; a reflective layer 11 formed on the
substrate 10; a bonding layer 12 formed on the reflective
layer 11; a first semiconductor layer 13 formed on the
bonding layer 12; an active layer 14 formed on the first
semiconductor layer 13; and a second semiconductor layer
15 formed on the active layer 14. The second semiconductor
layer 15 has a first surface 151 away from the active layer
14 wherein the first surface 151 has a first lower region 152
and a first higher region 153.

The first lower region 152 can be formed by wet etching,
dry etching, Chemical Mechanical Polishing (CMP), or
Inductively Coupled Plasma (ICP) and has a reflectivity
which is at least 70% of that of an aluminum mirror. In order
to obtain a better reflectivity, the roughness of the first lower
region 152 is less than that of the first higher region 153,
preferably to be a flat surface. Because the surface of the first
lower region 152 has smaller roughness, it results in a
reduced critical angle at the interface between the first lower
region 152 and a first electrode A, the probability of total
reflection of the light generated from the active layer 14
emitting to the first lower region 152 is increased. The light
reflected by the first lower region 152 can be then reflected
by the reflective layer 11 and emit to the first higher region
153, and then be extracted with higher probability. Further-
more, the depth from the first higher region 153 to the first
lower region 152 is about 100 nm~1 pm, preferably about
200 nm~300 nm. The first lower region 152 occupies less
than 30% of the surface area of the first surface 151 of the
second semiconductor layer 15.

The first higher region 153 can be an uneven surface
formed during the epitaxy process by tuning and controlling
the process parameters, such as gas flow rate, chamber
pressure, chamber temperature, etc. The first higher region
153 can also be formed in a periodic, quasi-periodic, or
random pattern by removing a part of the second semicon-
ductor layer 15 by wet etching, dry etching, or lithography
and so on. Because of the uneven surface of the first higher
region 153, the light extraction efficiency is increased with
respect to the light emitting to the first higher region 153.
The first higher region 153 can also be a plurality of
convexes and/or a plurality of concaves.

The substrate 10 can be a Metal Matrix Composite
(MMC), Ceramic Matrix Composite (CMC), Si, IP, ZnSe,
AIN, GaAs, SiC, GaP, GaAsP, sapphire, ZnSe, ZnO, InP,
LiGaO,, LiAlO,, or the combination thereof. The reflective
layer 11 can be In, Sn, Al, Au, Pt, Zn, Ag, Ti, Pb, Ge, Cu,
Ni, AuBe, AuGe, AuZn, PbSn, the combination thereof, or
a Distributed Bragg Reflector (DBR). The bonding layer 12
can be polyimide (PI), benzocyclobutene (BCB), perfluoro-
cyclobutane (PFCB), epoxy, Su8, indium tin oxide, SiN,,
spin-on glass (SOG), Si0O,, TiO,, MgO, In, Sn, Al, Au, Pt,
Zn, Ag, Ti, Pb, Pd, Ge, Cu, Ni, AuSn, InAg, InAu, AuBe,
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AuGe, AuZn, PbSn, PdIn, organic bonding material, or the
combination thereof. The polarity of the first semiconductor
layer 13 is different from that of the second semiconductor
15. The active layer 14 can be semiconductor of II-VI group
or III-V group, such as AlGalnP, AIN, GaN, AlGaN, InGaN,
AllnGaN, or CdZnSe. The high-efficiency light-emitting
device 1 further includes an electrical structure including the
first electrode A formed on the first lower region 152, and a
second electrode B formed under the substrate 10. Prefer-
ably, the substrate 10, the reflective layer 11, and the
bonding layer 12 can be conductive. The first electrode A
and the second electrode B are located on the opposite sides
of the substrate 10 and form ohmic contacts with the second
semiconductor layer 15 and the substrate 10 respectively.
The first lower region 152 can also form a pattern like a
circle with a plurality of protrusions extending outward or
other shapes. The first electrode A can be formed thereon to
have the same pattern defined by that of the first lower
region 152.

Referring to FIG. 1B, in another embodiment, the elec-
trical structure further includes a first current blocking layer
16 formed on the first lower region 152, and a first current
spreading layer 17 formed on the second semiconductor
layer 15 and the first current blocking layer 16, wherein the
first current spreading layer 17 covers the first higher region
153. The first electrode A is located on the first current
spreading layer 17 and right above the first current blocking
layer 16. The first current blocking layer 16 can be dielectric
materials, such as Su8, BCB, PFCB, epoxy, acrylic resin,
COC, PMMA, PET, PC, polyetherimide, fluorocarbon poly-
mer, silicone, glass, Al,O;, SiO,, SiN,, SiO,, TiO,, insulat-
ing material, or the combination thereof, andx blocks the
current to pass itself. Because the resistivity of the first
current blocking layer 16 is higher, the current is conducted
to the first higher region 153 by the first current spreading
layer 17 and then passes to the active layer 14 for emitting
light. However, the current can not pass the part of the active
layer 14 right under the first current blocking layer 16, and
there is no light emitted. Therefore, the probability that the
first electrode A absorbs the light generated by the part of the
active layer 14 right under the first electrode A is reduced.
The first current spreading layer 17 can spread the current to
the second semiconductor layer 15 uniformly, and can be
transparent conductive materials like GaP, ITO, InO, SnO,
CTO, ATO, ZnO, or the combination thereof.

As shown in FIG. 1C, the first higher region 153 can be
a first plurality of hexagonal-pyramid cavities 154 extending
downward from the first surface 151 for increasing the light
extraction efficiency. A depth between the first higher region
153 and the first lower region 152 is about 100 nm~1 um,
preferably 200 nm~300 nm. The roughness of the first lower
region 152 is less than that of the first higher region 153, and
preferably to be close to that of a flat plane. In addition, the
second semiconductor layer 15 can be nitride semiconductor
and the substrate 10 can be sapphire. The detailed descrip-
tion can refer to the contents of the U.S. patent application,
Ser. No. 11/160,354, entitled “LIGHT-EMITTING
DEVICE”, filed on Jun. 21, 2005, which is incorporated
herein by reference.

Referring FIG. 2A, in another embodiment, a high-effi-
ciency light-emitting device 2 includes a substrate 20; a
reflective layer 21 formed on the substrate 20; a bonding
layer 22 formed on the reflective layer 21; a first semicon-
ductor layer 23 formed on the bonding layer 22; an active
layer 24 formed on the first semiconductor layer 23; and a
second semiconductor layer 25 formed on the active layer
24. The second semiconductor layer 25 has a first surface



US 9,461,202 B2

5

251 away from the active layer 24 wherein the first surface
251 has a first lower region 252 and a first higher region 253.
The first semiconductor layer 23 has a second surface 231
close to the active layer 24 wherein the second surface 231
has a second lower region 232 and a second higher region
233.

The first lower region 252 and the second lower region
232 can be formed by wet etching, dry etching, Chemical
Mechanical Polishing (CMP), or Inductively Coupled
Plasma (ICP) and have a reflectivity which is at least 70%
of that of an aluminum mirror. In order to obtain a better
reflectivity, the roughness of the first lower region 252 and
the second lower region 232 is lower than that of the first
higher region 253 and the second higher region 233 respec-
tively, preferably to be close to that of a flat plane. Because
the surfaces of the first lower region 252 and the second
lower region 232 have smaller roughness, they result in
reduced critical angles at the interfaces between the first
lower region 252 and a first electrode A and between the
second lower region 232 and a second electrode B, and the
probability of total reflection of the light generated from the
active layer 24 emitting to the first lower region 252 and the
second lower region 232 is increased. The light reflected by
the first lower region 252 and the second lower region 232
can be then reflected by the reflective layer 21 and emit to
the first higher region 253 and the second higher region 233,
and then be extracted with higher probability. The depth
from the first higher region 253 to the first lower region 252
and from the second higher region 233 to the second lower
region 232 is about 100 nm~1 um respectively, preferably
about 200 nm~300 nm. The first lower region 252 and the
second lower region 232 occupy less than 30% of the surface
area of the first surface 251 of the second semiconductor
layer 25 and of the second surface 231 of the first semicon-
ductor layer 23 respectively.

The first higher region 253 and the second higher region
233 can be uneven surfaces formed during the epitaxy
process by tuning and controlling the process parameters,
such as gas flow rate, chamber pressure, chamber tempera-
ture, etc. The first higher region 253 and the second higher
region 233 can also be formed in a periodic, quasi-periodic,
or random pattern by removing a part of the first semicon-
ductor layer 23 and the second semiconductor layer 25
respectively by wet etching, dry etching, or lithography and
so on. Because of the uneven surfaces of the first higher
region 253 and the second higher region 233, the light
extraction efficiency is increased with respect to the light
emitting to the first higher region 253 and the second higher
region 233. The first higher region 253 and the second higher
region 233 can also be a plurality of convexes and/or a
plurality of concaves.

The high-efficiency light-emitting device 2 further
includes an electrical structure including the first electrode A
and the second electrode B. A portion of the second semi-
conductor layer 25, the active layer 24, and the first semi-
conductor layer 23 are removed to expose the second surface
231. The first electrode A and the second electrode B are
located on the first lower region 252 and the second lower
region 232, and form ohmic contacts with the second
semiconductor layer 25 and the first semiconductor layer 23
respectively. Preferably, the substrate 20, the reflective layer
21, or the bonding layer 22 can be insulating. The first lower
region 252 and the second lower region 232 can also form
patterns like a circle with a plurality of protrusions extend-
ing outward or other shapes. The first electrode A and the
second electrode B formed thereon can have the same
pattern as that of the first lower region 252 and the second
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6

lower region 232 respectively. The first electrode A and the
second electrode B can be formed in different patterns
defined by that of the first lower region 252 and the second
lower region 232 respectively.

Referring to FIG. 2B, in another embodiment, the elec-
trical structure further includes a first current blocking layer
26 formed on the first lower region 252, and a first current
spreading layer 27 formed on the second semiconductor
layer 25 and the first current blocking layer 26, wherein the
first current spreading layer 27 covers the first higher region
253. The first electrode A is located on the first current
spreading layer 27 and right above the first current blocking
layer 26. In addition, the electrical structure further includes
a second current blocking layer 28 formed on the second
lower region 232, and a second current spreading layer 29
formed on the first semiconductor layer 23 and the second
current blocking layer 28, wherein the second current
spreading layer 29 covers the second higher region 233. The
second electrode B is located on the second current spread-
ing layer 29 and right above the second current blocking
layer 28. The first current blocking layer 26 and the second
current blocking layer 28 can be dielectric materials, such as
Su8, BCB, PFCB, epoxy, acrylic resin, COC, PMMA, PET,
PC, polyetherimide, fluorocarbon polymer, silicone, glass,
AL, O;, Si0,, SiN,, SiO,, TiO,, insulating material, or the
combination thereof, and block the current to pass them-
selves. Because the resistivity of the first current blocking
layer 26 and the second current blocking layer 28 is higher,
the current is conducted to the first higher region 253 and the
second higher region 233 by the first current spreading layer
27 and the second current spreading layer 29 and then passes
to the active layer 24 for emitting light. However, the current
can not pass the part of the active layer 24 right under the
first current blocking layer 26, and there is no light emitted.
Therefore, the probability that the first electrode A absorbs
the light generated by the part of the active layer 24 right
under the first electrode A is reduced. The first current
spreading layer 27 and the second current spreading layer 29
can spread the current to the second semiconductor layer 25
and the first semiconductor layer 23 uniformly, and can be
transparent conductive materials like GaP, ITO, InO, SnO,
CTO, ATO, ZnO, or the combination thereof.

As shown in FIG. 2C, the first higher region 253 and the
second higher region 233 can also be a first plurality of
hexagonal-pyramid cavities 254 extending downward from
the first surface 251 and a second plurality of hexagonal-
pyramid cavities 234 extending downward form the second
surface 231 respectively for increasing the light extraction
efficiency. A depth from the first higher region 253 to the first
lower region 252 and from the second higher region 233 to
the second lower region 232 is about 100nm~1 pm, prefer-
ably about 200 nm~300 nm, respectively. A roughness of the
first lower region 252 is less than that of the first higher
region 253. A roughness of the second lower region 232 is
lower than that of the second higher region 233, and both
preferably to be close to that of a flat plane. In addition, the
first semiconductor layer 23 and the second semiconductor
layer 25 can be nitride semiconductors and the substrate 20
can be sapphire. The detailed description can refer to the
contents of the U.S. patent application, Ser. No. 11/160,354,
entitled “LIGHT-EMITTING DEVICE”, filed on Jun. 21,
2005, which is incorporated herein by reference.

Referring to FIGS. 3A and 3B, in another embodiment, a
method of manufacturing the high-efficiency light-emitting
device 2 includes the steps of providing a substrate 20;
forming a reflective layer 21 on the substrate 20; forming a
bonding layer 22 on the reflective layer 21; forming a first
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semiconductor layer 23 on the bonding layer 22; forming an
active layer 24 on the first semiconductor layer 23; forming
a second semiconductor layer 25 on the active layer 24;
removing a portion of the second semiconductor layer 25,
the active layer 24, and the first semiconductor layer 23 to
expose a second surface 231 of the first semiconductor layer
23; roughening a first surface 251 of the second semicon-
ductor layer 25 and the second surface 231; forming a first
lower region 252 on the first surface 251 and a second lower
region 232 on the second surface 231, wherein the first
surface 251 includes a first higher region 253 next to the first
lower region 252 and the second surface 231 includes a
second higher region 233 next to the second lower region
232; forming a first current blocking layer 26 on the first
lower region 252 and a second current blocking layer 28 on
the second lower region 232; forming a first current spread-
ing layer 27 on the second semiconductor layer 25 and the
first current blocking layer 26, and a second current spread-
ing layer 29 on the first semiconductor layer 23 and the
second current blocking layer 28; forming a first electrode A
on the first current spreading layer 27, wherein the first
electrode A is located right above the first lower region 252;
and forming a second electrode B on the second current
spreading layer 29, wherein the second electrode B is
located right above the second lower region 232; wherein a
roughness of the first lower region 252 is less than that of the
first higher region 253, and a roughness of the second lower
region 232 is less than that of the second higher region 233.
A depth from the first higher region 253 to the first lower
region 252 is about 100 nm~1 pm, preferably about 200
nm~300 nm, and a depth from the second higher region 233
to the second lower region 232 is about 100 nm~1 pm,
preferably about 200 nm~300 nm.

A method of roughening a first surface 251 and the second
surface 231 includes wet etching, dry etching, or lithography
and so on forming a periodic, quasi-periodic, or random
pattern. In addition, the method of roughening a first surface
251 and the second surface 231 also includes forming a first
plurality of hexagonal-pyramid cavities 254 extending
downward from the first surface 251 and a second plurality
of hexagonal-pyramid cavities 234 extending downward
from the second surface 231 during the epitaxy process by
tuning and controlling the process parameters, such as gas
flow rate, chamber pressure, chamber temperature, etc. The
detailed description can refer to the contents of the U.S.
patent application, Ser. No. 11/160,354, entitled “LIGHT-
EMITTING DEVICE”, filed on Jun. 21, 2005, which is
incorporated herein by reference.

An electro- or photo-sensitive thin film is applied to the
first surface 251 and the second surface 231. The electro- or
photo-sensitive thin film is exposed to electron-beam lithog-
raphy, laser beam interference, or UV radiation, etc, and a
desired pattern is developed. After developing the desired
pattern, a method of forming a first lower region 252 on the
first surface 251 and a second lower region 232 on the
second surface 231 includes dry etching, wet etching,
Chemical Mechanical Polishing (CMP), or Inductively
Coupled Plasma (ICP). An etchant includes but not limited
to H;PO, or KOH. A preferable temperature of the process
is about 120° C. to steady and control the etching rate. The
first lower region 252 and the second lower region 232 are
lower than the first higher region 253 and the second higher
region 233 respectively in about 100 nm~1 pm, preferably
about 200 nm~300 nm. A roughness of the first lower region
252 is less than that of the first higher region 253, and a
roughness of the second lower region 232 is less than that of
the second higher region 233.

5

35

40

45

8

It should be noted that the proposed various embodiments
are not for the purpose to limit the scope of the invention.
Any possible modifications without departing from the spirit
of the invention are covered by the appended claims.

What is claimed is:

1. A light-emitting device comprising:

a substrate;

a semiconductor stack layer on the substrate, comprising
a first semiconductor layer; an active layer formed on
the first semiconductor layer; and a second semicon-
ductor layer formed on the active layer, wherein the
second semiconductor layer comprises a first surface
composed of a first non-recess region and a first recess
region closer to the active layer than the first non-recess
region, the first semiconductor layer comprises a sec-
ond surface composed of a second recess region and a
second non-recess region;

a first current blocking layer comprising an insulating
material formed on the first recess region;

a second current blocking layer formed on the second
recess region;

a first electrode on the first recess region and separated
from the first current blocking layer; and

a second electrode located right above the second recess
region.

2. The light-emitting device according to claim 1, wherein
the first non-recess region has an uneven surface selected
from a group consisting of a plurality of hexagonal-pyramid
cavities, a plurality of convexes, and a plurality of concaves.

3. The light-emitting device according to claim 1, wherein
a roughness of the first recess region is less than that of the
first non-recess region.

4. The light-emitting device according to claim 3, wherein
a surface of the first recess region comprises a flat surface.

5. The light-emitting device according to claim 1, further
comprising a bonding layer between the semiconductor
stack layer and the substrate.

6. The light-emitting device according to claim 5, further
comprising a reflective layer between the bonding layer and
the substrate.

7. The light-emitting device according to claim 1, wherein
a depth from the first non-recess region to the first recess
region is about 100 nm~1 pm.

8. The light-emitting device according to claim 1, further
comprising:

a first current spreading layer formed on the second
semiconductor layer and the first current blocking
layer, wherein

the first electrode is formed on the first current spreading
layer and located right above the first recess region.

9. The light-emitting device according to claim 1, wherein
a depth from the second non-recess region to the second
recess region is about 100 nm~1 um.

10. The light-emitting device according to claim 1,
wherein the second non-recess region has an uneven surface
selected from a group consisting of a plurality of hexagonal-
pyramid cavities, a plurality of convexes, and a plurality of
concaves.

11. The light-emitting device according to claim 1,
wherein a roughness of the second recess region is less than
that of the second non-recess region.

12. The light-emitting device according to claim 11,
wherein a surface of the second recess region comprises a
flat surface.

13. The light-emitting device according to claim 1, further
comprising:
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a second current spreading layer formed on the first
semiconductor layer and the second current blocking
layer, wherein the second current spreading layer cov-
ers at least a portion of the second surface; and wherein
the second electrode is formed on the second current
spreading layer.

14. The light-emitting device according to claim 13,
wherein a material of the second current spreading layer is
selected from a group consisting of GaP, ITO, InO, SnO,
CTO, ATO, ZnO, and the combination thereof.

15. The light-emitting device according to claim 1,
wherein a material of the second current blocking layer is
selected from a group consisting of dielectric materials, Su8,
BCB, PFOB, epoxy, Acrylic Resin, COC, PMMA, PET, PC,
polyetherimide, fluorocarbon polymer, silicone, glass,
Al203, Si02, SiNx, Si02, TiO2, insulating material, and the
combination thereof.

16. The light-emitting device according to claim 1,
wherein the first recess region has a reflectivity which is at
least 70% of that of an aluminum mirror.

17. The light-emitting device according to claim 1,
wherein the second recess region has a reflectivity which is
at least 70% of that of an aluminum mirror.

#* #* #* #* #*

5

10

15

20

10



